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(57)Abstract: 

PURPOSE: To obtain a navigation system in which the 
relative position can be detected accurately even on a 
slope where the vehicle in dines while suppressing the 





effect of gravitational acceleration. 
CONSTITUTION: A relative position detector 4 delivers 
a speed obtained by integrating the output from an -^^ 
acceleration sensor 8 to a controller 8 along with an 
angular speed detected by a gyro sensor 7. A GPS(global 4 
positioning system) unit 2 receives a GPS signal and 
delivers accurate positional information to the controller ^ 
3. The controller 3 calculates the current position based '^-^ 
on the information received from the unit 2 and the 
detector 4. Furthermore, the output from the 
acceleration sensor 8 is corrected by removing the 
gravitational acceleration component based on the 
output from an inclination sensor 15 to obtain accurate 
speed (distance) information thus enhancing accuracy in 
the detection of relative position. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The migration direction of the migration body for asking for the relative position from a 
criteria location, and a relative-position detection means to extract the data about movement 
magnitude, In the navigation equipment which comes to have a map information storage means 
with map information, a display means to display the current position of said map information and 
car. and the control means that performs the above-mentioned control The acceleration sensor 
arranged so that a relative-position detection means may serve as high sensitivity in a travelling 
direction, The inclination detection equipment which consists of an acceleration sensor arranged 
so that it may have a detection means to detect the information about travelling directions, such 
as a gyroscope sensor, and may become high sensitivity in the gravity direction. Navigation 
equipment characterized by having an amendment means to perform amendment which removes 
a part for the error based on the inclination included in the sensor output of the acceleration 
sensor which detects the acceleration of the travelling direction which is the output of said 
relative-position detection equipment, using the output of the inclination detection equipment. 
[Claim 2] The migration direction of the migration body for asking for the relative position from a 
criteria location, and a relative-position detection means to extract the data about movement 
magnitude, In the navigation equipment which comes to have a map information storage means 
with map information, a display means to display the current position of said map information and 
car. and the control means that performs the above-mentioned control The acceleration sensor 
arranged so that a relative-position detection means may serve as high sensitivity in a travelling 
direction. The acceleration sensor for centrifugal-force detection arranged so that it may 
become high sensitivity in the longitudinal direction which has a detection means to detect the 
information about travelling directions, such as a gyroscope sensor, and intersects 
perpendicularly with a travelling direction, Navigation equipment characterized by having an 
amendment means to perform amendment which removes a part for the error based on the 
centrifugal force included in the sensor output of the acceleration sensor which detects the 
acceleration of the travelling direction which is the output of said relative-position detection 
equipment, using the output of the acceleration sensor for centrifugal-force detection. 
[Claim 3] It is navigation equipment according to claim 1 or 2 which is equipped with absolute 
location detection means to ask for a location absolutely, such as GPS, and is characterized by 
said control means determining the current position of a car based on the output signal from said 
relative-position detection means and said absolute location detection means. 
[Claim 4] It is navigation equipment given in any 1 term of claims 1-3 characterized by to control 
the relative posture of said acceleration sensor to said migration body to make it change to 
change and the hard flow of the migration posture of said migration body while said migration 
body is equipped with said acceleration sensor through attitude control equipment and said 
attitude-control equipment supports said acceleration sensor movable on the basis of a 
predetermined revolving shaft or the predetermined supporting point. 

[Claim 5] Navigation equipment according to claim 4 characterized by for said attitude control 
equipment having consisted of gimbal structure rotated suitably, and giving damper structure 
further to the circumference of two revolving shafts which intersect perpendicularly to the pitch 
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direction of said migration body. 

[Claim 6] Navigation equipment according to claim 4 characterized by for said attitude control 
equipment having consisted of gimbal structure rotated suitably, and giving damper structure 
further to the circumference of two revolving shafts which intersect perpendicularly to the roll 
direction and the pitch direction of said migration body, respectively. 

[Claim 7] Navigation equipment according to claim 4 characterized by having equipped said 
attitude control equipment with the migration halt device which controls migration of said 
acceleration sensor further, and having the change means which changes the mode in which 
follow posture change of said migration body and the relative posture of said acceleration sensor 
is changed, and the mode which fixes a relative posture. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to navigation equipment. 
[0002] 

[Description of the Prior Art] Generally the navigation equipment carried in an automobile etc. is 
compounded to the map data of an automobile which detected the location absolutely and were 
memorized beforehand using GPS (GlobalPositioning System), and is using to display the location 
of a current automobile as the basic system. 

[0003] Although GPS can position an accurate absolute location on real time, it has the problem 
that an electric wave reflects like the location (receiving sensibility is low) which cannot receive 
the electric wave from the satellite for GPS according to a meteorological condition etc.. and the 
valley of a building, and accurate measurement cannot be performed, the bottom of elevated, and 
in a tunnel, as known well. 

[0004] Therefore, in order to compensate the starting fault, the hybrid navigation which used 
together the self-contained navigation which usually detects vehicle speed (distance) 
information and bearing information, and detects the relative position of an automobile is used, 
namely, the time of GPS functioning — the input signal — being based — an automobile — 
absolutely — a location — detecting — GPS — not functioning (when an electric wave not 
being received) — he makes a location into a criteria location absolutely, and is trying to ask for 
the location of a current automobile by [ of an automobile when it becomes impossible to receive 
with self-contained navigation ] asking for the relative position from there 
[0005] And as for detection of vehicle speed information, it is common to carry out using the 
vehicle speed pulse used for the speedometer of a vehicle. Moreover, as for bearing, an earth 
magnetism sensor, an optical fiber gyroscope, a ceramic gyroscope, etc. are used. However, with 
the approach using the above-mentioned vehicle speed pulse, the problem [ there is no unity in 
an output form between the error by the constraint on attachment, wear of a tire. etc. and a 
type of a car, and ] of being lacking in versatility is **. 

[0006] Then, in order to solve these problems, changing to a vehicle speed pulse method and 
detecting a rate (distance) by carrying out integral processing of the sensor output 
(acceleration) using an acceleration sensor is also considered (JP.5-10774.A etc.) 
[0007] 

[Problem(s) to be Solved by the Invention] However, by the method using the above-mentioned 
acceleration sensor, although problems, such as an error by wear of a tire, were solved, the new 
problem shown below arises. That is. there is directivity of detection sensitivity in an 
acceleration sensor, and there is a problem that output sensibility changes greatly with whenever 
[ champing-angle / of a sensor ]. Therefore, installation processing must be performed correctly 
and the activity becomes complicated. 

[0008] Moreover, even if are attached with a sufficient precision and it will be the same 
acceleration since it has the influence of a roll pitch on the acceleration sensor attached in the 
car, for example, migration on a slope is influenced of gravity, at the time of flat-ground transit, 
at the time of uphill migration, it will be a sensor output at the downward slope migration time, 
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and they will differ, respectively. Moreover, in the time of revolution (revolution), the output with 
which a centrifugal force is added and **** also differs from the sensor output at the time of 
rectilinear-propagation migration with the same acceleration too is obtained. Thus, since a 
sensor output changes with travelling figures of a car etc. even if it is the same acceleration, an 
error is produced to the rate information which integrates with the sensor output and is 
acquired. 

[0009] The place which this invention was made in view of the above-mentioned background, and 
is made into the purpose The above-mentioned problem is solved and the effect of acceleration 
other than the travelling direction produced in connection with the roll pitch generated during 
transit can be controlled as much as possible (removing an error component). The posture of the 
migration body at the time of migration of a slope, a curve, etc. (car) can be correctly asked for 
the rate based on acceleration not related. It is in offering the navigation equipment which can 
perform highly precise relative-position detection using an acceleration sensor, and installation 
of an acceleration sensor can perform with a sufficient precision comparatively easily further 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, with the 
navigation equipment concerning this invention The migration direction of the migration body for 
asking for the relative position from a criteria location, and a relative-position detection means 
to extract the data about movement magnitude. In the navigation equipment which comes to 
have a map information storage means with map information, a display means to display the 
current position of said map information and car, and the control means that performs the 
above-mentioned control A relative-position detection means is premised on a thing with a 
detection means to detect the information about travelling directions, such as a gyroscope 
sensor, to the acceleration sensor arranged so that it may become high sensitivity in a travelling 
direction. And an amendment means perform the amendment which removes a part for the error 
based on the inclination included in the sensor output of the acceleration sensor which detects 
the acceleration of the travelling direction which is the output of said relative-position detection 
equipment had and constituted using the output of the inclination detection equipment which 
consists of an acceleration sensor arranged so that it may become high sensitivity in the gravity 
direction, and its inclination detection equipment (claim 1). 

[001 1] Moreover, the acceleration sensor for centrifugal-force detection arranged so that it may 
become high sensitivity in the longitudinal direction which intersects perpendicularly with a 
travelling direction to the navigation equipment which consists of the same premise as the 
above. An amendment means to perform amendment which removes a part for the error based 
on the centrifugal force included in the sensor output of the acceleration sensor which detects 
the acceleration of the travelling direction which is the output of said relative-position detection 
equipment may be had and constituted using the output of the acceleration sensor for 
centrifugal-force detection (claim 2). 

[0012] And in order to raise precision in any case, it is that have absolute location detection 
means to ask for a location absolutely, such as GPS, and said control section adds the function 
to determine the current position of a car based on the output signal from said relative-position 
detection means and said absolute location detection means (claim 3). 

[0013] Moreover, while said migration body is equipped with said acceleration sensor through 
attitude control equipment and said attitude control equipment supports said acceleration sensor 
movable preferably on the basis of a predetermined revolving shaft or the predetermined 
supporting point, it is making it change the relative posture of said acceleration sensor to said 
migration body to change and hard flow of the migration posture of said migration body (claim 4). 
[0014] It is that said attitude control equipment consists of gimbal structure rotated suitably, 
and gives [ as opposed to / in giving damper structure **** / (claim 5), or the roll direction and 
the pitch direction of said migration body ] damper structure still more preferably to the 
circumference of two revolving shafts which intersect perpendicularly to the pitch direction of 
said migration body, respectively further (claim 6). In addition, it is good for said attitude control 
equipment to equip with and constitute the change means which changes the mode in which 
have further the migration halt device which controls migration of said acceleration sensor. 
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follow posture change of said migration body, and the relative posture of said acceleration 
sensor is changed, and the mode which fixes a relative posture further again (claim 7). 
[0015] 

[Function] The sensor output of the acceleration sensor installed so that it might become high 
sensitivity to a travelling direction becomes a thing corresponding to the true acceleration which 
is change of passing speed, when a migration body is level and is going straight on. However, in 
order to receive the centrifugal force produced in case it will influence and turn at the effect of 
gravitational acceleration, if moving on a slope etc. inclines in fact, it becomes the value with 
which the above-mentioned gravitational acceleration and a centrifugal force also joined the 
sensor output. 

[0016] Then, if constituted like claim 1, since the sensor output according to an inclination will 
be obtained by inclination detection equipment, based on the sensor output, correction value is 
calculated with an amendment means, and the data based on the sensor output value of an 
acceleration sensor are amended. Thereby, the acceleration of a true travelling direction (it is 
required to compute passing speed and distance information) can be extracted. In addition, to a 
sensor output, starting amendment processing may be performed to the rate information and 
distance information which are calculated based on a sensor output (acceleration), although it is 
good in a direct line (a sensor output is amended indirectly). 

[0017] Moreover, if constituted like claim 2, since lateral acceleration is detectable by the 
acceleration sensor for centrifugal-force detection, it becomes disengageable about the 
acceleration component produced according to the centrifugal force at the time of the rotation 
included in the acceleration sensor for travelling directions like the above. Therefore, it can ask 
for exact true acceleration, exact migration length etc. is found based on it, and the relative 
position where a mobile is exact is computed. 

[0018] Moreover, if constituted like claims 4-7, the posture of an acceleration sensor will be 
controlled and an acceleration sensor will maintain the posture in which the detection shaft 
(direction of high sensitivity) and gravity direction always intersect perpendicularly (the figure- 
of-merit direction is in agreement with the gravity direction). Therefore, more exact 
measurement can be performed, when the effect of the gravitational acceleration to an 
acceleration sensor is suppressed to the minimum and performs the account amendment 
processing of Gokami. If it carries out like especially claims 5 and 6, vibration of the 
predetermined direction will be absorbed by damper structure and the amount of [ which is 
contained in a sensor output ] error will decrease as much as possible. Moreover, when 
constituted like claim 7, according to the principle of operation usually shown in above- 
mentioned claims 4-6, it controls that an error component is contained in a sensor output, but 
since attitude control can be suspended when it becomes impossible to perform normal 
actuation — there is a possibility [ like ] that attitude control equipment may hang up by 
resonance — error part removal only by the above-mentioned amendment processing is 
performed. Therefore, by changing and performing the two modes according to a situation, 
always optimal processing is performed, a part for an error is removed and exact measurement 
(relative-position detection) is performed. 
[0019] 

[Example] Hereafter, an accompanying drawing is made reference and the suitable example of 
the navigation equipment concerning this invention is explained in full detail. Drawin g 1 is drawing 
having shown the outline configuration of the 1st example of this invention, and it receives the 
GPS signal from a satellite with an antenna 1 , and he is trying to give the received signal to GPS 
transmitting and receiving part 2, as shown in this drawing. Based on the input signal from two or 
more satellites which received to coincidence, the GPS receiving set 2 computes the LAT and 
LONG of the current position by predetermined data processing, and transmits them to a control 
unit 3. In addition, since starting data processing is well-known, concrete explanation is omitted. 
[0020] The detecting signal from the relative-position detection equipment 4 (a concrete 
configuration is mentioned later) for carrying out self-contained navigation is also given to a 
control unit 3. And in a control unit 3, the current position of a car is computed using the 
absolute positional information based on GPS, and the relative-position information based on the 
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relative migration direction from the last location given from relative-position detection 
equipment 4, and distance. 

[0021] That is. it piles up the mark which displays the current position of self-vehicles, such as a 
pointer, on the existence location on that map, and indicates by the output at a position read out 
device 6 while this control unit 3 gives priority to it, and it accesses the map information storage 
section 5 and it reads the corresponding map of lat/long to it based on a location absolutely, 
when there is an input from the GPS receiving set 2. 

[0022] On the other hand, if the input signal from the GPS receiving set 2 is lost, based on the 
input signal (information about the migration direction and migration length) from relative- 
position detection equipment 4, an input signal (relative-displacement location) will be added to a 
last time's existence location (migration length is added in the migration direction (travelling 
direction)), it will ask for the current position, and the current position for which made such and 
it asked will be indicated by the output like the above at a position read out device 6. In addition, 
although the GPS side was preferentially used in the above-mentioned explanation, based on 
positional information, you may make it suitably rehabilitated [ a GPS signal etc. / absolutely ] on 
the basis of the output from relative-position detection equipment 4. without restricting this 
invention to this. 

[0023] In addition, as the above-mentioned antenna 1, the rectangular dipole antenna which does 
not have directivity, for example (weak), a helical antenna, a flat antenna, etc. are used. 
Moreover, CD-ROM, an IC card, etc. can be used as the map information storage section 5. A 
CRT display is sufficient, although it is good since the liquid crystal display is still smaller as a 
position read out device 6. 

[0024] Next, it has the gyroscope sensor 7 which detects the angular velocity which is criteria 
data for detecting the migration direction (travelling direction) of the car (self-vehicle) which is 
the migration body with which this navigation equipment is mounted if the configuration of 
relative-position detection equipment 4 is explained, and the acceleration sensor 8 which 
detects the acceleration which is criteria data for finding migration length. As a gyroscope 
sensor 7, various kinds of sensors, such as an earth magnetism gyroscope, an optical fiber 
gyroscope, and a piezo-electric oscillating gyroscope, can be used. And by integrating with the 
angular-velocity information fundamentally acquired from the gyroscope sensor 7, and changing 
into include-angle information, the function which searches for the migration direction and is 
changed into the above-mentioned include-angle information may be given to the relative- 
position detection equipment 4 side, or may be given to a control unit 3 side. 
[0025] Moreover, semi-conductor acceleration sensors, such as an electrostatic-capacity mold 
and a piezo mold, and various things, such as a piezoelectric— device mold, can be used for an 
acceleration sensor 8. And in this example, the electrical potential difference corresponding to 
acceleration is outputted from the acceleration sensor 8 using the semi-conductor acceleration 
sensor of a piezo mold. Furthermore, by integrating with the acceleration detected by the 
acceleration sensor, the rate of a self^vehicle is found and it comes to find migration length by 
finding the integral further. And relative-position detection equipment 4 or a control unit 3 
performs the above-mentioned integral (the second floor integral) processing like include-angle 
calculation. That is, acceleration information, rate information, or distance information is 
outputted, with a control device 3, integral processing is performed if needed to the given 
information, and desired data are obtained from relative-position detection equipment 4. 
[0026] On the other hand, if an example of the concrete detection algorithm of relative-position 
detection is shown, it will be carried out by [ as being the following ]. That is, suppose that the 
location and the migration direction of the starting point are known. Then, if a rate v and 
Direction theta can always detect, the current position can be found by calculating a degree type 
for every unit time amount. 

[0027] X=XH-v-costhetaY=Y1+v-sintheta, however :(X, Y) current position (X\ Y'): The last 
location and the last rate v can be found by integrating with the output of the acceleration 
sensor 8, as described above, and they can ask for an include angle theta by the direction of the 
starting point, and change of an include angle. Here, the location in the starting point and a 
direction are searched for for change of an include angle from the output of the gyroscope 
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sensor 7 from GPS bearing information. 

[0028] And in this example, the above-mentioned data processing is performed within a control 
unit 3, and the include angle and acceleration which are the output of each sensors 7 and 8 are 
outputted from relative-position detection equipment 7. 

[0029] Furthermore, in this example, it is made to perform amendment at the time of computing 
rate information from the sensor output of the above-mentioned acceleration sensor 8 based on 
the absolute positional information acquired from a GPS signal. That is. as shown in drawing 2 , in 
delivery and there, differential processing of the time series data (X (ndeltat), Y (ndeltat)) of the 
absolute location obtained from GPS equipment 2 is carried out at the differential processing 
section 10, and the time series data VI (ndeltat) of a rate are computed. 
[0030] The output A of the acceleration sensor 8 which, on the other hand, detects the 
acceleration produced in the travelling direction of a car (ndeltat) is given to the integral 
processing section 11, the function beforehand set up in there performs integral processing, and 
the time series data V2 (ndeltat) of relative velocity are computed. 

[0031] And the data VI (ndeltat) and V2 (ndeltat) obtained in unit time amount are given to the 
integral function transducer 12, maximum likelihood estimation is performed in there, the 
maximum ** value alpha in distribution of VI (ndeltat)/V2 (ndeltat) is calculated, and this is 
transmitted to the integral processing section 1 1 . Although integral processing of the sensor 
output A of the acceleration sensor 8 (ndeltat) is carried out in the integral processing section 
1 1 as described above, it is made to carry out multiplication processing at the integral value 
acquired by making it still more nearly such by making the above-mentioned maximum ** value 
alpha into correction value. Thereby, the installation error and secular-change error of a sensor 
are amended. In addition, it is not necessary to necessarily perform amendment processing 
based on the starting GPS signal, it integrates with an acceleration-sensor output, and you may 
make it find a rate. 

[0032] As shown in drawin g 1 , the inclination sensor 15 is added, and he is trying to amend the 
error over the sensor output of the acceleration sensor 8 by gravitational acceleration by this 
invention here. That is, when the self-vehicle is moving on the slope, since gravitational 
acceleration joins the acceleration accompanying change of passing speed further, only the part 
accompanying the gravitational acceleration serves as an error at an acceleration sensor 8. And 
an error becomes large, so that the inclination of a slope is strong. 

[0033] Then, the amendment table 1 6 of the gravitational acceleration error component based on 
the attitude information of an acceleration sensor 8 is created beforehand. And the output of the 
inclination sensor 15 is given to the correction value decision section 17, and in the correction 
value decision section 1 7, while reading the correction value which corresponds with reference 
to the amendment table 16 based on the inputted data, the correction value is transmitted to a 
subtracter 18. Moreover, the output of the integral processing section 11 is also given to this 
subtracter 18. And with a subtracter 18, "integral value-correction value" is performed and the 
result of an operation is sent to the integral function transducer 12. That is, since the error by 
gravitational acceleration turns into an offset error of relative velocity, it can amend a 
gravitational acceleration error by performing subtraction processing to the relative velocity 
computed in the correction value equivalent to a part for the error presumed as mentioned 
above. In addition, an amendment means is constituted from this example by the above- 
mentioned amendment table 16. the correction value decision section 17, and the subtracter 18. 
[0034] And as the above-mentioned inclination sensor 15, by this example, the thing of the same 
mold as the acceleration sensor 8 installed for speed detection is used, and as shewn in drawing 
3 , both the sensors 8 and 15 are unified. That is, both the sensors 8 and 15 are constituted 
using the semi-conductor sensor of the piezoresistance mold which consists of the same 
property, and are mounted in one case 20. 

[0035] The piezoresistance-condenser components 8c and 1 5c are attached, and each sensors 
8 and 15 are constituted by the beam sections 8b and 15b while the cantilevered suspension of 
the dead weight sections 8a and 15a is carried out through the beam sections 8b and 15b. And if 
acceleration joins the dead weight sections 8a and 15a, the dead weight sections 8a and 15a will 
shake focusing on the beam sections 8b and 1 5b. And the shake angle (deflection angle) 
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becomes so large that acceleration is large, if a deflection angle is large such, the amount of 
bending of the beam sections 8b and 15b will also become large, and, also in the stuck 
piezoresistance-condenser components 8c and 1 5c, distortion and resistance will change a lot. 
By carrying out electrical-potential-difference conversion of the resistance value change, it 
enables it to output the electrical-potential-difference value according to acceleration, and 
acceleration is detected from the electrical-potential-difference value. 

[0036] And each sensor is arranged so that the good direction of the detection sensitivity may 
intersect perpendicularly. That is, a travelling direction and the gravity direction assume that the 
one side arrow head in drawing shows, respectively, and an acceleration sensor 8 is arranged so 
that dead weight section 8a may carry out a perpendicular to base 20a of a case 20, and the 
inclination sensor 15 is arranged so that the dead weight section 15a may become parallel to 
base 20a of a case 20. 

[0037] Thereby, since the inclination sensor 15 shakes as shown in the both-directions arrow 
head in the said drawing, the detection sensitivity to the acceleration of the same direction as 
the vertical direction, i.e.. the gravity direction, becomes the highest, and it serves as an output 
corresponding to an inclination. Therefore, gravitational acceleration will be detected. And in this 
example, the output from the inclination sensor 15 is the output voltage according to the error 
accompanying gravitational acceleration, and is not whenever [ concrete tilt-angle ]. Then, in 
connection with this, the above-mentioned amendment table wiH be stored, where the output 
voltage and the correction value at the time from the inclination sensor 15 are made into a pair. 
[0038] In addition, since there was nothing to proportionality with perfect output voltage and 
correction value of the inclination sensor 15. correction value was calculated for performing 
more exact amendment control with the table reference method by this example. Therefore, 
when precision may be reduced to some extent with the specification demanded, data processing 
may be performed according to the operation expression for which it asked beforehand from the 
sensor output given in the correction value decision section 17, and correction value may be 
determined. If it compares with what the former does not amend even if it is that case, precision 
will improve. And since the sensor same type is used in this example and the output 
characteristics are almost the same, it becomes possible to compute near correction value by 
the comparatively simple formula. 

[0039] Moreover, like this example, since the acceleration sensor and the inclination sensor were 
both constituted using the acceleration sensor of a small and cheap semi-conductor mold, even 
if it forms an inclination sensor and adds an amendment function, with the whole equipment, it 
does not enlarge so much compared with the conventional thing. 

[0040] Furthermore, it can carry out comparatively easily that what is necessary is just to carry 
out in consideration of the posture of a case 20 in the case of the installation to an actual car if 
relative-position relation (the rectangular direction) of the direction of both high sensitivity is 
performed with a sufficient precision in case it installs in a case 20, while the accuracy of 
measurement goes up. since the acceleration sensor 8 and the inclination sensor 15 were 
mounted in the same case 20 in this example, it unified and the acceleration in the same point 
and an inclination are detectable. 

[0041] Drawing 4 shows the 2nd example of this invention. In this example, it is different from 
the above-mentioned example, and removal of the error by the acceleration of longitudinal 
directions other than a travelling direction shaft produced by revolution actuation of a car etc. is 
aimed at. That is, when turning at a road or running the straight road, since a centrifugal force is 
added to an acceleration sensor 8 and the acceleration of the longitudinal direction based on the 
centrifugal force is added, car ****** serves as a value which also contained the acceleration 
(error) of the above-mentioned longitudinal direction (the direction of a centrifugal force) at the 
acceleration component accompanying an original rate change at the output of an acceleration 
sensor 8. 

[0042] Then, he forms the acceleration sensor 25 which sets a detection shaft as the direction 
of a centrifugal force which intersects perpendicularly horizontally to the travelling direction of a 
car. and is trying to remove a part for the error by the above-mentioned centrifugal force in this 
example using the sensor output of the acceleration sensor 25 for the direction detection of a 
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centrifugal force. 

[0043] That is, if the value of the true acceleration generated in a cross direction (travelling 

direction) is made into G order and the value of the true acceleration generated in a longitudinal 

direction (the direction of a centrifugal force) is G right and left, the sensor output of each 

sensors 8 and 25 will serve as a value by which both the above-mentioned values were 

compounded. That is. the sensor output GFE of the acceleration sensor 8 for cross directions 

(travelling direction) is GFE=G order +alphaG right and left. — (1) 

It becomes, alpha is the other shafts sensibility constant of a sensor proper here. 

[0044] Similarly, the output GLR of the acceleration sensor 25 for centrifugal-force detection is 

before and after GLR=G right-and-left +alphaG. — (2) 

It becomes. 

[0045] And the following type is realized from the above-mentioned (1) and (2). 

[0046] 

[Equation 1] 



1 

On the other hand, when the car is revolving and rO and angular velocity are set to omega for 
the radius of gyration, G right and left which are a centrifugal force are G right-and-left =rO. 
omega 2 — (4) 

The angular velocity omega of a next door and a car is the output omega 0 of a gyroscope. It can 
approximate and is a radius of gyration rO further. It can ask by the following formula in 
approximation from the output of both sensors. 
[0047] [Equation 2] 

(X G p 3 d t ) ^ 
= Tq -••(5) 

And the radius R searched for by the starting operation is such an actual radius rO that the 
distance becomes large. Although a difference also becomes large, since it can ignore compared 
with acceleration, a relative rate is R rO It can regard. Therefore, it asks by the following type 
before and after the acceleration G of the true travelling direction for which it finally asks. 
[0048] 
[Equation 3] 

And as a compensator which performs error part removal for carrying out the above-mentioned 
principle, it is shown in drawing 5 . If the configuration is explained according to the order of a 
signal and amendment processing, first, the sensor output GFB of the acceleration sensor 8 for 
travelling directions will be given to an integrator 26. and will carry out time quadrature in there, 
and the result of an operation will be given to the radius-of-gyration calculation section 27. In 
the radius-of-gyration calculation section 27, the sensor output GLR of the acceleration sensor 
25 for centrifugal-force detection is also given, the output of GLR and an integrator 26 is 
substituted for the above-mentioned formula (5). and the radius of gyration R of a car based on 
the sensor output is computed. 

[0049] This computed radius of gyration R is the gyroscope output omega 0. It is given to the 
direction acceleration component calculation section 28 of a centrifugal force, data processing of 
the above-mentioned formula (4) is carried out in there, and true centrifugal-force G right and 
left are computed. 

[0050] Moreover, after data processing of "GFB-GLR" is carried out with an adder subtracter, a 
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multiplier 29 is given, a multiplier (1/(1 -alpha)) is applied, the obtained result of an operation is 
given to an adder, and the output of both the sensors 8 and 25 is added with the value G right 
and left called for in the above-mentioned direction acceleration component calculation section 
28 of a centrifugal force. And the aggregate value is sent to the integral processing section 30. 
by finding the integral, a formula (6) will be performed as a result and the rate G order of the 
truth of a cross direction can be found. In addition, since it is the same, the same sign is 
indicated to be the 1st example which described the operation effectiveness above to other 
configuration lists, and the detailed explanation is omitted. In addition, even if constituted 
combining this 2nd example and the 1st above-mentioned example, it is easy to be natural, and 
since the effect of both an inclination and a centrifugal force can be controlled when starting, 
precision improves more. 

[0051] Drawing 6 shows the 3rd example of this invention. In this example, it is amelioration of 
the installation device of an acceleration sensor 8. Namely, although it consisted of each above- 
mentioned example so that an acceleration sensor 8 might also incline at the same include angle 
as a car to the gravity direction when an acceleration sensor 8 was installed fixed, for example, it 
moved on a slope and the car inclined Effect of gravitational acceleration was made hard to 
make it hard to follow and for an acceleration sensor to hold the condition of having stood up in 
the same direction as the gravity direction, even if a car inclines in this example, and to receive 
in the output of an acceleration sensor itself Thereby, since a relative position serves as 2- 
dimensional information, the error by using the three-dimensions information which is one of the 
error factors of current relative-position detection equipment as 2-dimensional information is 
also suppressed. 

[0052] Specifically, the case 32 with which the acceleration sensor 8 was built in first is 
supported movable. In the example of illustration, a case 32 is attached in a revolving shaft 33 
through the flat-surface abbreviation triangle-like connecting plate 34. And a revolving shaft 33 
is attached free [ rotation ] to a machine frame 35. Thereby, a revolving shaft 33 and a case 32 
are unified, and if a revolving shaft 33 rotates, a case 32 (acceleration sensor 8) will also rotate 
only the same include angle. Furthermore, the dead weight 36 is attached in the base of a case 
32. 

[0053] Therefore, if this machine frame 35 is fixed to a car, and a car inclines on a slope etc., a 
machine frame 35 also inclines in connection with it. However, the line which connects a dead 
weight 36 to a revolving shaft 33 in response to the effect of gravity is amended in the direction 
which always becomes in the gravity direction, and a revolving shaft 33 also rotates it. Thereby, 
the posture of an acceleration sensor 8 becomes fixed to the gravity direction. In addition, since 
weight is in case 32 the very thing to some extent in order to make it the posture of the 
acceleration sensor 8 become predetermined relation to the gravity direction more certainly, 
having installed the dead weight 36 will function, even if there is no dead weight 36. Thus, since 
it is hard coming to win popularity the effect of an inclination, the amount of [ which is contained 
in a sensor output ] error decreases, and highly precise relative-position detection is attained by 
performing account of Gokami each of that signal processing. In addition, since signal processing 
to the output of an acceleration sensor 8 and other configurations are the same as that of each 
above-mentioned example, the detailed explanation is omitted. 

[0054] Drawing 7 shows the 4th example of this invention. Although absorption of the error, such 
as controlling the effect of an inclination [ on a slope ], for example, is the direction of a single 
dimension since it is the 1 shaft pendulum structure of rotating a revolving shaft as a core in the 
3rd above-mentioned example, in this example, error absorption in the direction of two dimension 
is enabled. That is, as shown in this drawing, the case 32 (the pars basilaris ossis occipitalis of a 
case 32 is equipped with a dead weight if needed) which mounted the acceleration sensor 8 is 
connected to the head-lining section of a machine frame 35 through a coupling rod 37. And the 
upper limit of a coupling rod 37 can rotate the node now freely as a core (free pendulum 
structure), therefore, as the drawing Nakaya mark shows, a case 32 may be movable in the 
direction of front and rear, right and left, can make a next door, and the figure-of-merit direction 
and the gravitational acceleration direction of an acceleration sensor 8 built in always in 
agreement, and can press down error generating of the effect of the gravitational acceleration by 
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the inclination etc. to the minimunn. In addition, since signal processing to the output of an 
acceleration sensor 8 and other configurations are the same as that of each above-mentioned 
example, the detailed explanation is omitted. 

[0055] Drawing 8 shows the 5th example of this invention, and this example is another 
configuration which took the configuration the acceleration sensor made it hard to incline like 
the 3rd and 4th example of the above. The gimbal structure which combined the independent 
revolving shaft 41 and another revolving shaft 42 subordinate to it is constituted, and the case 
32 which contained the acceleration sensor 8 on the core of the gimbal structure 43, i.e., the 
intersection of both the shafts 41 and 42, is installed so that it may illustrate. By this, an 
acceleration sensor 8 will be controlled to always maintain the same posture on three- 
dimensions space, and will take a fixed posture also to a travelling direction. Therefore, if it 
adjusts so that the sense of an acceleration sensor 8 may become right at the time of 
installation, it will rotate suitably centering on each revolving shafts 41 and 42, and the posture 
of the acceleration sensor at the time of the initialization will be maintained henceforth. 
[0056] The damper structure 45 with the viscous function i of the variable which becomes 
acceleration a1 to the revolving shaft 41 of the pitch direction (a1) is made to add by this 
example furthermore. If it is made the starting configuration, generating of the error by roll 
actuation will be absorbed with the damper structure 45, and it will become possible to stop to 
the minimum. 

[0057] Drawing 9 is the 6th example of this invention, and is considering the 4th example of the 
above as the basic configuration. That is, an acceleration sensor is held with the gimbal 
structure 43, and it is common in that predetermined damper structure 45 was mounted in the 
revolving shaft 41 further. By this example, it becomes possible to also absorb generating of the 
error by pitch actuation according to the damper structure 46 here by making the damper 
structure 46 with the viscous function] of the variable which becomes acceleration a2 also to 
the revolving shaft 42 of the roll direction (a2) add. Thus, highly precise relative-position 
detection is attained by establishing the device in which the preceding paragraph of signal 
processing is made to control error generating. In addition, the other configurations and 
operation effectiveness are the same as each above-mentioned example. 
[0058] Drawing 10 shows the 7th example of this invention. The case 32 which contains an 
acceleration sensor 8 with the gimbal structure 43 is supported like the 5th and 6th example 
which also described this example above. And in this example, the shafts 41 and 42 which 
support the starting gimbal structure 43 are attached in the pedestal 47 free [ rotation ]. Semi- 
sphere-like hollow 47a is formed in that top face, and, as for this pedestal 47, the lower half of 
the gimbal structure 43 is inserted in this hollow 47a. 

[0059] And the spherical permanent magnet 48 is arranged to above-mentioned hollow 47a. 
Thereby, a permanent magnet 48 becomes movable freely about the inside of hollow 47a, and it 
is located in the method location of the lowest on absolute **** on the basis of the ground by 
receiving gravity. That is, although it is located in the pars basilaris ossis occipitalis of hollow 47a 
of the semi-sphere so that it may illustrate when a pedestal 47 is installed horizontally 
temporarily, when it inclines, it will move to the lowest location among the insides of hollow 47a. 
[0060] Furthermore, the lower limit of the gimbal structure 43 is equipped with the 
electromagnet 49. This electromagnet 49 generates a field by energization from a power source 
which carries out an illustration abbreviation, and the above-mentioned permanent magnet 49 
and a suction force produce it. And although an illustration abbreviation is carried out, in 
response to ******** which maintained the method location of the lowest with the proper guide 
means, and this generated by the above-mentioned energization, an electromagnet 49 can draw 
a permanent magnet 48 near to a permanent magnet 48 so that hollow 47a may not be deserted, 
and shafts 41 and 42 rotate it suitably in connection with it. Then, the electromagnet 49 of the 
line which connects both 49 and 48 since it is located right above a permanent magnet 48 
corresponds with the gravity direction. Therefore, when the figure-of-merit direction of an 
acceleration sensor 8 was beforehand doubled in the diameter direction of the gimbal structure 
43 which passes along a permanent magnet 48 and a permanent magnet 48 and an 
electromagnet 49 are in agreement with the gravity direction as mentioned above, the figure-of- 
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merit direction of an acceleration sensor 8 will also be in agreement in the gravity direction. 
[0061] Therefore, in case a pedestal 47 is attached in a car, even if it performs the inclination 
adjustment (it installs horizontally) comparatively rough, an acceleration sensor 8 can be made 
into the predetermined posture in which it is hard to be influenced of gravitational acceleration, 
by energizing to an electromagnet 49. Therefore, the installation to a car becomes easy. And the 
energization to an electromagnet 49 is intercepted at the time of actual operation. Then, if a 
pedestal 47 inclines according to the inclination of a car etc. according to the gimbal structure 
43, it will rotate suitably to the circumference of each shaft 41 and 42, and a case 32 
(acceleration sensor 8) will maintain the posture at the time of initialization by the above- 
mentioned energization. 

[0062] In addition, although a permanent magnet 48 moves and it was made to always come to 
the method location of the lowest by this example, this invention may be fixing the permanent 
magnet 48 to a predetermined location (usually pars basilaris ossis occipitalis of hollow 47a), 
without restricting to this, the time of attaching a pedestal 47 in a car, if it is made the starting 
configuration — levelness appearance — carrying out — although it is necessary to carry out to 
a precision, if a pedestal 47 is able to be installed in the predetermined condition, the 
acceleration sensor 8 can be made into a desired posture by energizing on an electromagnet 49 
like the above. By this method, although installation of a pedestal 47 becomes more complicated 
than the above-mentioned example, a configuration becomes easy. 

[0063] Drawing 1 1 shows the 8th example of this invention. As shown in this drawing, in this 
example, the device in which rotation of a revolving shaft 33 was compulsorily suspended on the 
basis of the 3rd example shown in drawing 6 was established. That is, in the 3rd example, since 
pendulum structure is taken, when special (at for example, the time of the input of the error of 
the frequency which causes resonance), it has the mode in which an error is increased and there 
is a possibility that actuation may become unstable on the contrary. Therefore, the 3rd example 
by pendulum structure is usually operated, and he locks a revolving shaft 33 and is trying to 
prevent increase with error by the input of an external signal. 

[0064] That is, the end of a revolving shaft 33 is equipped with electromagnetic brake 50. A 
brake force occurs by energization from the electromagnet driving gear 51, and electromagnetic 
brake 50 does not prevent rotation of a revolving shaft 33, is in the condition that the brake has 
not usually worked, and a revolving shaft 33 rotates according to the principle of operation 
shown in the 3rd example, and it maintains the posture of the acceleration sensor 8 to build in at 
a predetermined condition. And if a predetermined external signal is inputted into a control 
section 52, propagation and electromagnetic brake 50 will come to operate [ the control signal 
from the control section 52 ] to the electromagnet driving gear 51. Then, an acceleration sensor 
8 holds the posture at that time, and functions as usual equipment as shown in the 1st and 2nd 
example. 

[0065] In addition, since other configurations are the same as that of what was shown in the 3rd 
example, they attach the same sign and omit the explanation. Moreover, the starting structure of 
it being applicable also to the thing of the free pendulum structure shown in drawing 7 is natural. 
[0066] 

[Effect of the Invention] As mentioned above, with the navigation equipment concerning this 
invention, in order to amend directly or indirectly to the sensor output of the acceleration sensor 
for detecting the acceleration of a travelling direction based on the output of inclination 
detection equipment or the acceleration sensor for centrifugal-force detection, the gravitational 
acceleration accompanying the inclination of the migration body contained in the sensor output 
and the component based on a centrifugal force are removed. Therefore, the separation extract 
of the acceleration component produced with rate change of a true migration body can be 
carried out, and the rate of an exact migration body and migration length can be computed. 
Consequently, highly precise relative-position detection using an acceleration sensor can be 
performed. 

[0067] Since the error component based on the gravitational acceleration contained in the 
sensor output of an acceleration sensor since it will be hard coming to win popularity the effect 
of the above-mentioned gravitational acceleration mechanically, if the configuration of claims 4- 
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6 is added especially is controlled as much as possible, it can resemble performing the 
subsequent above-mentioned amendment processing, and more exact measurement can carry 
out. Moreover, when constituted like claim 7, according to the principle of operation usually 
shown in above-mentioned claims 4-6. it controls that an error component is contained in a 
sensor output, but since attitude control can be suspended when it becomes impossible to 
perform normal actuation — there is a possibility [ like ] that attitude control equipment may 
hang up by resonance — error part removal only by the above-mentioned amendment 
processing can be performed. Therefore, the exact relative-position detection according to a 
situation is always attained. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is the block diagram showing the 1st example of the navigation equipment 
concerning this invention. 

[Drawing 2] It is the block diagram showing the important section. 

[Drawing 3] It is drawing showing the installation condition of an acceleration sensor and an 
inclination sensor. 

[ Drawing 4] It is the block diagram showing the 2nd example of the navigation equipment 
concerning this invention. 

[Drawing 5] It is the block diagram showing the compensator which is the important section. 

[Drawing 6] It is drawing showing the installation condition of an acceleration sensor which 

shows the 3rd example of the navigation equipment concerning this invention. 

[Drawing 7] It is drawing showing the installation condition of an acceleration sensor which 

shows the 4th example of the navigation equipment concerning this invention. 

[Drawing 8] It is drawing showing the installation condition of an acceleration sensor which 

shows the 5th example of the navigation equipment concerning this invention. 

[Drawing 9] It is drawing showing the installation condition of an acceleration sensor which 

shows the 6th example of the navigation equipment concerning this invention. 

[Drawing 10] It is drawing showing the installation condition of an acceleration sensor which 

shows the 7th example of the navigation equipment concerning this invention. 

[Drawing 1 1] It is drawing showing the installation condition of an acceleration sensor which 

shows the 8th example of the navigation equipment concerning this invention. 

[Description of Notations] 

2 GPS Equipment 

3 Control Unit 

4 Relative-Position Detection Equipment 

6 Display 

7 Gyroscope Sensor 

8 Acceleration Sensor (for Travelling Directions) 

13 Differential Processing 

14 Integral Processing Section 

15 Integral Function Transform-Processing Section 

1 5 Inclination Sensor 

16 Amendment Table (Amendment Means) 

1 7 Correction Value Decision Section (Amendment Means) r 

1 8 Subtracter (Amendment Means) 

25 Acceleration Sensor for the Directions of Centrifugal Force 

33 Revolving Shaft 

41 42 Shaft 

43 Gimbal Structure 

45 46 Damper structure 

50 Electromagnetic Brake (Migration Halt Device) 
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51 Electromagnet Driving Gear (Migration Halt Device) 

52 Control Section (Change Means) 



[Translation done.] 
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[0 0 2 1] -r^fc*.. CKDSfMBSti/c P Sgff 
gB2*^e.(DA:b*^fe^^-&{c{i^4a^ffi5feL. i^S • 

[00 2 2] GPS Simm 2 A>P.cOA:'3{f 

^<*?>i:. fflmB^tftI^B4^^P>(0Atlft^ M 
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(ifwipi) ic^mmmmmt^) Lxm^nim^j^ 

g^^B6lci±J:^ia/T;-r?><, ±IB«DgJB^-e{iG P 

GPS{l#^(Dl6>t>f{4B1t$gtS-ryi>TjilHIE-r 
[0 0 2 3] *«5. ±IBLfc7Vx-f 1 LTtis fct 

'J*;l'7yxts ¥®7yr:f-^*^ffli/^6n^o Sfc> 
«20tlfgfB1ig|5 5i:LT{4, CD-R0M^1C*-K 

CO 0 2 4] i^fc. mn^mmsi^m.Ao^mm^'D^^x 

fca6©Ssp -r- ^ ^ jlS^l^fii -r ^ i>> D -b 

^n^n mm.mm^'mi^ Lxnji»^m^^m ^ct\c 
mmi. mn^m.mmmAm\z%>tz^x'^^<. s&^s 
[0 0 2 5] $fc. Apji^g-fey-y-sti. w^m.nmsk'py^ 

Ti/^So se.t<:s AP3i«-by-9-e^tB?nfcAnii®*iM 

^g4§Scl^{iSir«^g3t:lT9c -r^t)-^. ffi)i^ffiB^^ 
^gB4*^P>ti. An^JtlSfB. 3iait$a, !?§!ll1fl8cDl> 

40 -rn:^^*^tB:^J^n. $i»S3t?{±#^c,nfcififitc^ 

o\cr^-oX\^^^o 

[0 0 2 6] -73v ta5r=tffiB<^tli(7De^f*6g:g:1t|±}7;l/d" 
^)XL(D-m^^^rt\:XT(Di:^\zLxrsi^tl^, tfs: 

h-^^j^<DimRts^my5^ti^t}t-^-oXi,^^tt^o t 

[0 0 2 7] X = X 1 + V -cose 

Y=Yl+v-sin9 
50 tztcL. (X, Y) ■.mdiiLS. 
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(X' , Y' ) -.mmmm 

[0 0 2 8] ^LT. ^mmmx'^t±.wmn^mmm 
•9-7, say^-hx^^nm.mmm'^mzmii') 

Itt^^X^-^^o 10 

[0 0 2 9] ^^mmmx'ii. g p sm^t-^ibn 

2*^e.f#&n§$6^ffiH<D^?S?iJr-^f (X (nA 

t) , y inno ) ^m^mm\o\c^*). ^z.\c 

[0 0 3 0] -73. «ScOjStT;5(6]tc^D^]!lPjia;&i|^ 

»i-rsApjijg-b>-9-8toai:^A (nAt) m^^jaa 20 

ffl^jaa^tTl\ tg*tjigcDlt?^?iJx-:?V2 (nA 

t) ^g[tB-r5o 

[0 0 3 1] ^LTs #ffiBfraiti{cf# P>nfcr-^V 1 
(nAt), V2 (nAt) ^S^M^S^gl? 1 2 (C-^ 
A. eiltfc'l>T«;tJi^^tTlW 1 (n A t) /V2 
(n A t) 0^^flJtj3tt-5«;e{fia*^i6, dtl^ii^ 

Msgpi wc^mt^o m^^mm \x\t. ±fi5Lfc 

<);at]f)PiiJg-b>-9-8cD-b>-9-tti:^)A (nAt) 

ms.t^t)\ ^^ic^(Di:r>icLxm^nrzm'^mic± 30 
MiEsn^o ^^GPsfi#fcs-i!<^iiE5as 

[00 3 2] C C T*^H^T'(i, 0 1 JC^-T «t 9 IcMm 

•fev-y-i 5^^^fi!(PL^ a:bi!iP3iaic<fcSi!in3S]e-fey9-8 

iipjigA^2e>fci)pt)^Ttsd<D-e, ^<Da:f3itinjiafc 
[0 0 3 3] ^cT% ^tt>. tmm-tyv'scD^m^n 

mr^c $fc. iKDMSfsi 8{c{±, «^^saa§i5i m so 
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mtimxiin^o ibx. m^i aicx. m^^m 
^ctti'^x-^^o ^nmmx-ii±mmiET-r)v 

1 6, MiEtti^^gPl 7fcJ;DW§§l 8tT?ijE*g 
[0 03 4] ^- LT. ±tBmm-^yV- 1 5 LT*llfi6 

mxim&^&cDfcibicmm-^n^tm&^yv-stm 

1 5^-f*{tLTl^So -r^^D-^. M-fey^tS. 1 5 

lis m-n^'ibrji^i^s.vis.tfimo^mw-i^y'^^ffi 
i/^T^^2n> 1 -Domwz 0F*3{c^^^n^„ 

[0 0 3 5] #-b>-9-8, 1 5(i. *5fet)gP8 a, 15 

a*»8b, I sb^fYLxj^n-^^ntn^ttt 

t s *<7)^g|5 8b, 1 5 b xySK5«tim^? 8 c , 

1 5 ctmom^nxmi^tEti^o tLx. fetosis 

8 a, 1 5 alCl}ammmai:>^t. *©fcfet)gP8a. 

1 5 a{±. ®g|58 b, 15 b^4''L,^^i:}gt^Sc ^LX. 

i<r>mnn (Mnn) it. 1]mm'^iz^hA^^±^<■)'^ 

t)> ^<OJ;-5fc^ti^l*^;*c#i/>i:^gP8 b, i 5 b©^ 

8c, 15c t;^* < miim±^ < ^{fr?.o 

[0 0 3 6] ^LT, #-try+t«^o^;jb^jS©M»* 

l/^§t{gSL.. j!jP3Sa-b>+>-8a*3t t)gP8 a:^)^g^2 
0(D)S®2 0 ati:Mit-r?>J;9lc:S3B2n> M^-feyy- 
1 5tt^-tD:fefet)g|5l 5 a)b^gi*2 0<DlSffi2 0ai:¥ 

[0 0 3 7] cntcj;*)> ^m'ty^i 5 a. ismit'ffi 
:)^}Bi5«cW{c^-r<t^{cjgni!i<<7)T\ ±T73(p]> t^^t> 

a> M^-bv-y-i 5 7b>?>©tti;b«ffi:> ^cDB#o?ilEfii 
[00 3 8] *ll|iSCTT'f— :/;b#BS7JS{c J; J? 

msEmm^notcibx^^o Lfctf^r>Xs w>^-^ri^{± 
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imCX^^(DX\- i:bS«*M*ST**5cfc^<DffliE<ii^ 

[0 0 3 9] sfcs :^mmmo:)X'>ic. mm&'iiy^t 

[0 0 4 0] ? p>t, *SISEfi«jT*»i!iP)iJSf-b:/-9-8 i:fa 

[ 0 0 4 1 ] 0 4 {4*^B^®S 2 mS&m^^s LTi/^So 

^{cj;?3 4i;^. jiff::^iPi$diJ-:^^l-cD«73ioj<o/ipii]gicj; 
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[0 0 4 2] ^CT*||i5S«^m4. mii<DjifT^|Si(;:^ 

bX7ii^y]\^icm^t^':&>btiy5\^^^^mtt^iim 
m-^y'^2 5^mi'f. m^m^mammm-tyv-z 
5(D-^y^&ti^m'x±mm'bt}icj;i^mmi^m.^ 

[0 0 4 3] tiS:t>*,. mmi5\^ (1^73 [«]) t^^f 

2 5(0-{iy-^iiit}ii. ^tsmmti^-^^zntcm 
trji^o o^t). Hi5^;i?i«i (mny^ftn) ffloinifg-tv 
•9-8iD-b>+)-tB:':GFE tt. 
Gpe =G«a H-aGs* ••• (1) 

^:s:5o ccx'ait. ■\iyv-m^(Dimm&m^x^ 
[0 0 4 4] iHi^fc. m'bijmimotQmm-byvr 2 5 

<Dtti;/3Gi« (4, 
20 GiR =Gt« +aG*» •• (2) 

[0 0 4 5] ^-LT. ±IBbrc (1) . (2) <fct)TfiB 
[0 0 4 6] 



-73 ^ mm'^^s^^LX^^^^m-^. ^OlHlfe^S^rO 
Gts = rO to ••• (4) 



[004 7] 
[^2] 

= r Q •<•• (5) 



>i\fe^^»J-&{4i)PiiJg(ctk'K?,i:fiiMT-^S©-eR* rO [0 0 4 8] 

t^^tctts^x^^, Ltcif-^x. m.mm\c^it^niK [^s] 



(G 



F B 



L R 



) + r <t> 



(6) 



liiIE«lffl<DMIk: \^rci3'^-oX^(DmiiSL^mmt^t. * 



50 



{c{4. 3i;L,^:^1^ftiffl)[)PaS■by+^2 5cD-i2y9-tti:'3GiR 
t-^Ae.n. Q^M tm^m2Q<D^f}:^. ±|3S (5) 
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[00 4 9] iKDmiULtc^^^mRlis v^^-fPttltl 

^■<iic*5i/^T±fBS (4) ^mi^wML. ncoj^'b 

[0 0 5 0] Sfc. M^^y-y-s. 2 5o:)tiiiii,i. tmW- 
ggT' re™ -gl. J ti^mwrnm-^nrcm. mn^zsic 
(1/ (1 -a) ) 'mn 

^^nsci:lCckt). ISSiiLTS (6) ^mnt^c 
^0{ffi<7)^fi)cMmc{tffl^Stt±l3L;rc|g 1 ^fl6fi«Ji;|5| 

[00 5 1] 0 6{i*f§fl^©m3^iei^J>&/T^L.Ti/>5o 

If fi^r^^jTcIf fSi: LTffli/^Ti/^^S c: t J; S^MtSP 
[0 0 5 2] mt^mai. ^-ftamm-tyv-sif^i^M^ 
^giWi 3 3 \c¥^v&^nmik(Dmf^m sa^-t^- trgi* 3 

tmw3 2iti~wif?En. 0KW3 3!()^[5iK-r'5te# 

[0 0 5 3] tJ^oT, cl£r)^#3 S^SSfcH^-T^ 
t>mmt^o LA^L. a:':«Di?^;g:§lj-T(eI^f43 3 

mJESti. iHi^«i3 3fe(Hiig-r«<. iinicj;^. *niijs 
t^fcisbT. Sf*3 2 SWc»^;g]tffia*^&§fci6s 
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5^ < ^ (3 . ^tDtt±IB#fi#5(ia;&^T9 c J; 
iliaiIS-by+)-8£0(±i;btc>i^tt-§fi^5aav 

[ 0 0 5 4 ] 0 7 (4, *^B^(D® 4 ^56^^ LTt/^ 
So ±IBbfc^3^Sg0IJT'{ilHlito»^'ti,L,xi; tTSSf 

i^So f^b-^s i5i0t^-r<i; 5 j!)P3ia-fe>-9-8% 

m^bfcmWS 2 (gi*3 2iD|£gWcaitJ.gfi:jsSCTfc' 
i/^S (iiS^^ii) o LfcA^oT. m#3 2{4ia'ti$5 

?>o *tes Mja-fev-9-8<7)ai:':ti:)hf-r5lt-liin,®s S 

[0 0 5 5] 08a, ^^momsmmm^T-Lxis 

y^timmuc< < U;?c«^^$go/-cS'J©«fi!cT-^So 

ii7r:-r§<t5ie, ?foiL;rciiiteitt4 1 t^nicvtmr^ 

^0>'>/^;Hijg4 3<D4l/L^•r^t)•^ii5lf&4 1, 4 

30 2(DSt^±ictam&-ty^8^fHm.Lrcmiii3 2^m.m. 
±X'm-^m^U'::>xr>ic?efm-^n. mnysmcMLx 

iPiiJt-fey-y- 8 (Omt'^sE L < J: ^ icwmt^ 
^iHiKift4i, 4 2^I^l,L^tJil:0eLJ-x^{4^fl[)»]^ 

RS^BtcOj!)DiSS-b>-9-0^^*liJf-r-l.o 

[0 0 5 6] ^ ^ic^mmmxii. \^y^y5\^(Dmmm 

4 1 Ic^LTiDiiJga 1 rj::s>^^<Dlf&^m^ i (a 1 ) 

^^to^^>'/^«5t4 5;&#ip$-&Tt/^-5„ immmct 

[0 0 5 7] 0 9«. *%afliD^6^»jTSt). ±IB 

m'M4 3Xj}amiM-{iy-^^UnL. $e>t, iEi$5W4 I 
{c:m^<0^^>/^S3fi4 5^^gLfciiSt?ttS-r§o 

x:^mmmxii. v-)iyjft](Dm^mA zicmlx^m 

50 &?,o c<DJ;9tc, fi^jiaacDBu^tc, ^glgife^WJ 
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c 0 0 5 8 ] 0 1 0 it^mmm 7 mmm^Tn i/^ 

^4 7fC|lIltteefe{<:BJt)#ltTI/>5o C:(73S^4 7{i. 
^©±ffi}Ci|i^t^£75|y]m4 7 aA«$nT*5D. 10 

cam 4 7 afci/'://^;niii4 3<D-r^^tmx^n^j^ 

CO 0 5 9] ^LTv ±t2[Him4 7 alcli. m^(D^iK 
M54 8^g3BLTl/>^c, cnicjcDv ^^mS4 8 

ti. iHim4 7 aF«3^giic^i)Br^i:;a:t). mij^^^f 

tz^-^iai. H^-r^cfc9fc^cD^^tD|Him4 7 atOlg 

mc^mt^i)\ mmi^T ^m-^icii. m^4 7 aop^ 

[0 0 6 0] $?.fc. i^y/vi'm^4 doTmcimm 
S4 9^^«LTi/>2.o c(onms4 9i,mm^fs^t^ 

■rS*V^c^?154 8(4. nam 4 7 a*^e>^SL^l>J;d 
;'3fc>&SttT. ttftl^54 9*V5c^^e4 8^c§|*«-ii:P, 

^ntciit^t/^144 1. 4 z^^jigiiife-r^So -rs 
^> €SS54 9«. ^i\ms4 8(om±ic{iLmt^rctb so 

4 8>g:jiSv=yM;Hiji4 3iDaS:^[a]{c^t)-lJ:r:fe< 

±iE<D i ^ fc7i<^ass 4 8 tmm^ 4 9 A^fi:t(:^iPi 

[00 61] Ltcti^-oXs S^4 7%*W{c5J0WtS 

fitc^coMtl^S (7i<¥tc^Ht-5) ;&i:t^£i^^7tct7 

oTfe, Mms4 9-\mmt^ctic^i). tmm-^y 

^jSiT-r-So ■r-Si:^ 2/'y>'<?;l/S3S4 3lcJ;t)¥SOM 
t^if{CfSi;Ta^4 7*^*i< i:. #ttl4 1 , 4 2lHlt) 

IcJiaiUfSL. Mi* 3 2 (i!jniSig-try9-8) tt. ±13)1 

[0 0 6 2] ^ib\ *llfilfi^ijT?t47m{^64 8*^^»J 

im^ c t ^ < 7ic^\fi^E 4 8 ^m^ffis (a^ttcflpjf 4 

7 a(OlSg|S) t@^LTi/^Tt><fcl\ W^^mm^t^ 50 
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t.^m^4 7 ^mmicmmf^mic7ii'?-miii,umm 
fctT'5<^s*^fes*v m^4 7 ^m^om^xmmxt 

fc^jiibis. ±.mtmmicMm^4 9icmmt^!iticx 
^i}m&-\iy^8^mm(Dmmict^ctt^x%^o c 

(DTaSTtt. a# 4 7 <73KSA^±EI|fi|0IJ J: D fcjSMt 
[0 0 6 3] mi Ut. *5gB^(D^8||S£M%^LTi/^ 

mm^mnco -r^^-^. m3mmmx'it. mi^mm 

fciS^-oX. J; S ^ 3 I^S£^J(Dffijft % t7 

[0 0 6 4] ■r:ft*D-^, [Hiffitii3 3©-^^g^cm?i:/^- 
+5o^s«■r^o TO:/b-4^5 0{i. 

as 1 ■b-^ib<Dmmc:;:K)fiy-^-)li)m^Lmm^3 3 

t/ ^ttM i:^oTfc'0> ^3 mmmiz-TT^ l rcm\m'mc 
btcis^-Dxmmm3 3iimm,L. nw.tum&'^y^ 

mmu S2\zx-hzn^t. =t(ovm^ 5 2 e od^j 

o*wr§<t3ic^So -rsii. ipiis-fey+i-sti^ 
^1, m2nmmic^.Lrc^orj. 

mn(DmmtLxmmt^o 

[0 0 6 5] ^©ftecoa^fi. ^3mmmiC7]kl. 

[00 66] 

v-(Diii±icm':s^'x. mni5\^(Di]m&^^mt^rzib 
(Di]amm-[:y^(D-by-^tiit}icMbxmmMmm&3 

[0 0 6 7] ItlC, ISsl<JS4~6iO#|^^{^)f)n-rSi:. 

i}amm-ty^(D-ty^iiitnc-^i^n^mMummicm-^ 



(9) 
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So 

[0 6 ] tviv-ya y^mom 3 mmm 

^7rsttam&-izy^(ommm'm^mtmx':&^o 
[07] *^B^tC'(i5^ify-^>3>gMtDm4^Sgfiaj 

[08] ^^BMic^.^i-[^Y-iy3ymm(D^5mmm 

[09] ^fgty^lc^^^Mdy-v'a ygM(7)^6|IMiJ 

*^-riiP3$ja-t?>'+t-©8i!?{\)-t^tt,^.:&^-r0i?3&^o ^ 
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20 



= [010] ^mmcm^i-\f:^°-iy3ymm(D^7mm 

[011] ^feB^tc-fl^Sttry-i/aygfi^ms^Sfi 
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